Abstract: Blends of epoxy acrylate resins (acid values 3, 6.5 & 10 mg KOH/gm Solid) with monofunctional monomers (ethoxylated phenol monoacrylate) were prepared by physical mixing, having weight ratio 50:50. These blends were cured by using UV radiations in presence of photo initiator (Darocure 1173). The thermal degradation kinetics of these resin blends were studied, using thermo gravimetric analysis in nitrogen atmosphere at a heating rate of 10 0 C/min. by applying CoatsRed fern equation. According to the analysis, all the coating films degrade in two steps. In the first step of degradation kinetics, R 2 M follows 1.75 order (n=1.75) and all other coating films follow second order (n=2) kinetics. In second step, R 2 M & R 3 M follow half order (n=0.5) kinetics and R 1 M follow first order (n=1) degradation kinetics. Order of the reaction is obtained on the basis of best fit analysis, and all the parameters were confirmed by regression analysis. From the reaction order, value of activation energy (E) and pre exponential factor (Z) were calculated by the slop and intercept of the plot between X and Y, respectively.
Introduction
Epoxy acrylate resins are commercially used in coatings and various structural applications. By proper selection of epoxy acrylate resin and monomers, the cured thermosetting product can be tailored to specific performance characteristics. The choice depends upon the cost, processing and performance requirement. Cured epoxy acrylate resins exhibit excellent adhesion to a variety of substrates, good chemical and corrosion resistance, excellent electrical insulation, high tensile, flexural strength, good compressive strength and thermal stability. The largest single use is in coatings, where high chemical, corrosion resistance and adhesion are important. The exceptional adhesion performance is due to the presence of polar hydroxyl and ether groups in the backbone structure of epoxy resins [1] [2] [3] . The presence of unsaturation at the end of the polymer backbone (due to reaction with acid functional acrylic monomers) has shaped epoxy resins for the radiation curing industry. Terminal unsaturated double bonds are the reactive sites for coatings and paints [4] [5] [6] . Unsaturated monofunctional, multifunctional acrylated monomer and acrylated oligomer having epoxy backbone are capable of a rational designed formulation that provides good coating properties after curing.
In general, the UV curing process results in three dimensional network formations. The curing process is fast and depends on the radiation dose and the time of radiation 7 . UV curing, i.e., the process of photo initiated conversion of polymeric materials from a liquid to a solid is a popular alternative to conventional thermal curing 8 . UV curing systems had recently succeeded in a large number of new applications and expanded toward new markets [9] [10] [11] . Many of these become possible because of the development of new UV-curable system that is commercially available 12 . UV curing process has attractive advantages over thermal curing. Its major advantages are high-speed process, low energy consumption (as the operation at room temperature), and environmental friendly as there is no solvent exposure 13 . Generally, UVcurable formulations contain oligomer or prepolymer consisting of reactive sites based on a functional acrylate group to meet the VOC compliance 14 . Several researchers [15] [16] [17] [18] studied the thermal degradation mechanism of different products.
In this study, epoxy resins were reacted with acrylic acid. The acrylated oligomer were mixed with ethoxylated phenol monoacrylate and cured by UV radiation. The aim of this study was to analyze the effect on the thermal properties of polymeric film due to the presence of Epoxy acrylate resins of different acid values and monofunctional monomer. 
Preparation of epoxy acrylate resin
Epoxy acrylate resins R 1 , R 2 & R 3 of acid values 3, 6.5 & 10 mg KOH/gm solid respectively were prepared using 1:1 mole ratio of bisphenol A based Epoxy resin (EEW-180) and acrylic acid in presence of triethyl amine (1 Phr. by wt. of epoxy resin) as catalyst.
Characterization of epoxy acrylate resin Determination of acid value
The acid value of epoxy acrylate resin was determined according to Karshak and Vinogradova 19 Acid value = 56.1× (A-B) × N/ W Where, A = mL. of KOH of sample B = mL. of KOH of blank W = wt. of resin (g)
Extent of reaction
The extent of reaction 'p' defined as the fraction of carboxyl group that has reacted in time t, was calculated from the acid value of the resins which a measure of the concentration of carboxyl groups is using following equation:
Extent of reaction (P) = 1-M/M 0 where, M 0 = initial acid value M = acid value at time T
Preparation of blends of epoxy acrylate resin & mono functional monomer (ethoxylated Phenol monoacrylate)
Epoxy acrylate resins (R1, R2 & R3) were mixed with ethoxylated phenol monoacrylate (EOPA) with wt ratio 50/50, based on physical mixing. All the samples were designated according to Table 1 . These blends were cured by adding a requisite amount of photo initiator (Darocure 1173) and cured by UV radiations. The degradation kinetics of these blends was studied by thermogravimetric analysis. The reactive thermal stability of experimental resins was quantitatively estimated by comparing temperatures for a particular degree of weight loss (Thermogravimetric analyzer TGA Q 50 V 6.1 Build 181).
The Coats-Red Fern equation was used to determine the values of the activation energy (E) and pre-exponential factor (Z).
1-n / 1-n for n≠1-log 10 {-log 10 (1-α) for n=1 Equation (1) Results and Discussion Figure 1 shows the change in the acid value of different epoxy acrylate samples (R 1 , R 2 & R 3 ) with reaction time. It is apparent from the figure that the acid value decreases with the reaction time. It is apparent from the plot that the decrease in acid value in the initial stages of the reaction is not linear. This is because of high concentration of the reactive sites and greater possibility of association of the acid and epoxide groups. Table 2 . From the table, it is apparent, that the thermal stability of epoxy acrylate resin having lowest acid value (R 1 ) was highest.
The kinetic parameter viz., activation energy (E), pre exponential factor (Z) and order of reaction (n) for the thermal decomposition of these blends for all steps have been calculated by thermo gravimetric analysis. The fractional decomposition (α) for the respective temperatures has also been calculated from TGA data ( Figure 6 R1M  R2M  R3M  1  363  373  369  2  393  423  385  3  448  463  397  4  498  503  408  5  538  533  448  6  563  553  538  7  580  570  566  8  591  583  580  9  598  592  589  10  606 The best fit value of n for all sets has been calculated in the 0-2 range by a computational technique. Statistical analysis of the TGA data in accordance with the Coats -Redfern equation was done by linear regression analysis which provides the best fit value of (n). In all cases for step I, it shows second order degradation kinetics except for R 2 M which shows 1.75 order degradation kinetics. For step II it shows half order degradation kinetics for R2M & R3M and for R1M it shows first order degradation kinetics. Correlation coefficient (R 2 ) of all samples showing higher value for n are discussed in Table 3 . From the slop and intercept values, obtained from plots of different blend samples ( Figure 6 , 7, 8, 9, 10 & 11) activation energy (E), pre exponential factor (Z) have been calculated for n=2. It is clear from the Table 3 that the values of activation energy (E) and pre exponential factor (Z) for R 1 Higher values of activation energy and pre exponential factor may be attributed due to the higher esterification in the sample having lower acid value. Higher activation energy and pre exponential factor for the decomposition of blends leads to better thermal stability of the compound.
1-1-a 1-n / 1-n
Conclusion
An attempt has been made to establish the correlation among the data obtained from different tests and to suggest how best the findings can be used in assessing the performance of coatings. The practical data obtained from some of the essential tests conducted on the unsupported and supported coatings were discussed to project their performance criteria. The data obtained from different test, shows that the UV curable formulations with lower acid value have good thermal behavior which may be due to the higher esterification during the reaction.
